To determine the antinociceptive effect of combining epidural fentanyl with lignocaine during non-immersion lithotripsy, 56 healthy patients were enrolled into a prospective, randomized, double-blind study. Epidural anaesthesia was induced with either lignocaine 300 mg alone, or lignocaine 300 mg, or 200 mg in combination with fentanyl 100 µg. Throughout the procedure analgesia was assessed by comparing the incidence of (a) spontaneous complaints of pain, (b) patients attempts to withdraw from the painful stimulus, (c) supplemental epidural lignocaine requirements, (d) the haemodynamic response to lithotripsy and (e) the time to first postoperative pain. The patients who received the fentanyl-lignocaine 300 mg combination required no supplemental lignocaine, experienced marginally less intraoperative pain and recorded lower mean arterial blood pressures when compared with lignocaine 300 mg alone. However, when the combination of lignocaine 200 mg and fentanyl 100 µg was administered, patients experienced significantly more pain, withdrew from the painful stimulus more often and received more supplemental lignocaine when compared with the other two treatment groups. No difference was found in the time to the first complaint of postoperative pain. Similarly, discharge times were unaffected by treatment modality.
It has been claimed that for regional anaesthesia the combination of opioids with local anaesthetic drugs may be associated with superior pain control and decreased drug-related adverse effects [1] [2] [3] [4] [5] [6] [7] . .urthermore, since intraoperative analgesia and postoperative recovery following epidural lignocaine administration depends upon the mass of local anaesthetic administered, lignocaine-opioid combinations may facilitate a reduction in local anaesthetic requirements without compromising intraoperative analgesia. In an era of soaring medical expenditure the consequent shorter postoperative recovery period may be particularly advantageous. However, objective evaluation of the effect of these treatment combinations on acute intraoperative pain is difficult. Since the lithotripter generates a painful stimulus which is both repetitive and of uniform intensity, this pain stimulus has been used to study acute pain tolerance and drug-induced antinociception 8, 9 . Therefore, using non-immersion lithotripsy as an acute pain model, we designed a study to evaluate the effect of epidural fentanyl on intraoperative analgesia and postoperative pain when administered in combination with two dosages of lignocaine.
MATERIALS AND METHODS
.ifty-six consenting, healthy (ASA physical status I and II) patients undergoing elective non-immersion lithotripsy for the treatment of upper renal tract calculi using a Direx Tripter Nova shockwave generator (Direx, Petach Tikva, Israel) were enrolled in a randomized, double-blind, institutional review board approved protocol.
No preanaesthetic medication was administered. On the patients arrival in the preoperative holding area, an intravenous catheter was placed and Lactated Ringers solution, 10-15 ml/kg, administered. Baseline non-invasive blood pressure (NIBP), heart rate (HR), haemoglobin oxygen saturation (SpO 2 ), and respiratory rate (RR) were recorded. All patients received supplemental oxygen, 3 l/min, via nasal prongs.
With the patient in the lateral decubitus position, an epidural catheter was inserted 3 cm through the tip of an 18 gauge Touhy needle (Portex) which had been placed at the L2-3 interspace using an air lossof-resistance technique. Correct placement of the catheter was determined by administering a test dose of adrenaline 15 µg in 3 ml lignocaine 1%. Thereafter, according to computer-generated randomization schedule, patients received an equal volume (17 ml) of either lignocaine 300 mg (Group L 300), lignocaine 300 mg with fentanyl 100 µg (Group L 300.), or lignocaine 200 mg with fentanyl 100 µg (Group L 200.). Study medications were independently prepared such that the anaesthesiologist, urologist and research assistant were all blinded as to the anaesthetic technique used during the lithotripsy procedure.
The intensity of motor block was assessed using a five-point modified Bromage scale (0=leg paralysis; 1=lateral movement of legs; 2=partial movement against gravity; 3=full movement with no resistance; 4=full movement against resistance). Sensory level was repeatedly measured using an alcohol swab to assess a change in temperature sensation. A 20% or more decrease from baseline mean arterial blood pressure was treated with incremental doses of ephedrine, 5-10 mg IV.
Analgesia was assessed continuously throughout the intraoperative period by recording the incidence of spontaneous complaints of pain, facial grimaces, attempts to withdraw from the lithotripter and the number of supplemental doses of lignocaine 1% (3 ml) administered.
Time to first complaint of pain was recorded from injection of study medication. All patients who received additional lignocaine were excluded from statistical analysis of postoperative pain. Using an alcohol swab to assess a change in temperature sensation and a similar modified Bromage scale to assess regression of the motor blockade, patients were discharged from the post-anaesthesia care unit (PACU) when no residual neural blockade was evident. .inally, at the end of the procedure, the anaesthesiologist, urologist and patient independently evaluated the adequacy of analgesia using a fourpoint scale (excellent, good, fair, unacceptable).
Data are expressed as mean values with SD in parenthesis. Continuous variables were analyzed using analysis of variance, and chi-squared tests for descriptive variables. Bonferroni correction was used for comparison between treatment groups, and for evaluating changes over time. In all cases, P-values <0.05 were considered statistically significant.
RESULTS
The three study groups were comparable for demographic data (Table 1) , number and location of renal stones, voltage (kilovolts) and number of shock waves administered, stone fragmentation (Table 2) , as well as procedure and discharge times (Table 3) .
There was no difference in motor block (Bromage scale 2; P=0.02) and level of sensory block (T6; P=0.02) in the L 300 and L 300. Groups. In Group L 200. both the motor block (Bromage scale 3) and level of sensory block (T8) were significantly less, (P<0.05) ( Table 3) patients in Group L 300 (n=2; 10%) and Group L 300. (n=0). Patients in Group L 200. also made more spontaneous attempts to withdraw from the lithotripter and required more supplemental lignocaine compared with the other two treatment groups (Table 3) . While patients in Group L 300. recorded improved pain scores, required less supplemental lignocaine, and made fewer attempts to withdraw from the lithotripter when compared with Group L 300 alone, statistical significance was not achieved ( Table 3 ). In Group L 200., significantly fewer cases were rated excellent by the patient and professional staff ( Table 4 ).
There were no differences in baseline or intraoperative heart rate, respiratory rate, or SpO 2 between the three treatment groups (data not shown). The baseline mean arterial blood pressure was lower in Group L 300. and when compared with the other two groups remained lower throughout the procedure. Statistical significance was only reached at 10, 25 and 30 minutes (.igure 1). Intravenous ephedrine administration was similar among the treatment groups (Table 3) .
Excluding patients who received additional intra-operative lignocaine, the times to first postoperative pain were similar in all three treatment groups. .inally, discharge times were unaffected by the treatment modality (Table 3) .
DISCUSSION
In order to improve the quality of epidural analgesia fentanyl has been administered together with local anaesthetics [10] [11] [12] . However, the antinociceptive effect of a single drug when administered alone or in combination with other analgesic drugs is difficult to assess and results are often subject to confounding variables (e.g., size and site of surgical incision, surgical technique). Since the lithotripter generates a uniformly painful stimulus which is shockwaveinduced, we used this clinical model to study the possible local anaesthetic-sparing effect of epidural fentanyl during non-immersion lithotripsy.
In our study, the stone size, voltage and number of shockwaves delivered were similar. Therefore, we consider the intensity of pain stimuli delivered to be comparable among the three treatment groups. .urthermore, all patients were able to move their upper torso and withdraw from the painful stimulus. Thus, the differences in patients attempts to withdraw reflects the adequacy of analgesia rather than an ability to move.
Compared to lignocaine 300 mg (L 300) alone, patients who received lignocaine 300 mg in combination with fentanyl (L 300.) experienced only marginally improved analgesia. Although statistical significance was not demonstrated, these patients required fewer additional lignocaine injections and recorded fewer spontaneous complaints of pain, facial grimaces, and attempts to withdraw from the painful stimulus. However, when fentanyl was added to lignocaine 200 mg (L 200.), the combination resulted in inadequate analgesia as demonstrated by a significantly higher incidence of spontaneous complaints of pain, patient withdrawal and a higher mean arterial pressure throughout the operative procedure. .urthermore, in the post-procedure questionnaire both the patients and professional staff expressed dissatisfaction with the lignocaine 200 mg-fentanyl combination. These data suggest that while epidural fentanyl may enhance lignocaine-induced antinociception, adequate analgesia during nonimmersion lithotripsy is dependent upon the intensity of the local anaesthetic blockade.
Since patients undergoing lithotripsy and women in labour (a) suffer pain not requiring surgical anaesthesia, and (b) are conscious and therefore able to report on their pain, we compared our findings to those of investigators studying analgesia during labour. Skerman et al 13 , using the delivery room setting to study the efficacy of epidural analgesia, found that a continuous infusion of 0.125% bupivacaine-0.00025% fentanyl provided stronger and more profound analgesia when compared with 0.125% bupivacaine alone. In a similar study Jones et al 14 demonstrated a local anaesthetic-sparing effect when fentanyl 100 µg was added to 0.08% bupivacaine. To further assess the specific antinociceptive contribution of epidural local anaesthetic, Chestnut et al 15 lowered the mass of local anaesthetic administered (0.625% bupivacaine-0.0002% fentanyl versus 0.125% bupivacaine alone) and demonstrated that the fentanyl-local anaesthetic combination induced analgesia similar to that of the local anaesthetic alone. However, in a study group receiving an epidural bolus of ultra-low dose bupivacaine (0.04%), adrenaline (1.7 µg/ml) and fentanyl (1.7 µg/ml) followed by a similar constant infusion, 48% of parturients required higher doses of local anaesthetics to treat the increased pain associated with the second stage of labour 16 . This analysis of the effects of a step-wise reduction in the local anaesthetic administration supports our findings that below a critical mass of local anaesthetic, the addition of fentanyl does not ensure adequate analgesia.
Unlike previous studies which demonstrated that fentanyl prolonged local anaesthetic-induced analgesia, it is of interest that in our study no differences were noted in the PACU with respect to time to first complaint of postoperative pain. This may be explained by the fact that lithotripsy-induced pain is shockwave-dependent. .urthermore, lithotripsyrelated pain is due to the elimination of fragmented stones as well as stretching of the ureteric smooth muscle and is associated with limited tissue damage 17 . Thus, when compared with open surgery, lithotripsy results in less alteration of the central processing of mechanoreceptive input, and consequently less amplification and prolongation of postoperative pain 18 . It is also of interest that the discharge times were similar among the three treatment groups. This may be explained by the significantly greater supplemental lignocaine requirements in Group L 200..
The study design may be criticized because of absence of a treatment group receiving lignocaine 200 mg alone. However, in a pilot study it was established that such a dosage, without the addition of fentanyl, provided insufficient analgesia (unpublished data).
In conclusion, using lithotripsy as an acute pain model, this study suggests that adequate analgesia during non-immersion lithotripsy is dependent upon the adequacy of the local anaesthetic-induced neural blockade. The addition of epidural fentanyl only marginally enhances intraoperative antinociception compared with epidural lignocaine alone. .inally, the addition of fentanyl to lignocaine 200 mg was not associated with a shorter PACU admission.
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